(SelAH). In general, and regardless of the subtype of surgical approach, patients with MTS achieve postoperative seizure freedom in 59-89% of the times 4 . Studies have been focusing on the comparison of the two procedures, in terms of seizure and/or neurocognitive outcome, although a consensus is far from being reached.
In this context, this study contributes the Hospital de Clínicas -UFPR experience, as a reference hospital in Brazil, for the treatment of epilepsy. This is a retrospective observational study assessing seizure and neurocognitive outcomes, as well as postoperative complications, in patients diagnosed with MTS who were submitted to either ATL or SelAH at the Hospital de Clínicas from 2005 and 2012.
METHOD Subjects
This is a retrospective observational study. Patients with medically refractory TLE due to unilateral MTS who underwent resective surgical therapy (either ATL or SelAH) at Hospital de Clínicas -UFPR from 2005 to 2012 were included. Data was collected by chart review. The study was approved by the local regulatory board. Informed consent was obtained from every individual involved in this research.
A total of 212 patients diagnosed with medically refractory MTS were submitted to resective surgery at our centre. Of these, sixty-seven met the inclusion criteria and were, included in this study (33 ATL; 34 SelAH). Median follow-up was 64 months. For the interest of statistical convenience, we analysed only the data up to the fifth year of follow-up. Demographic and clinical features of the patients can be seen at Table 1 . Both groups were well matched as depicted in Table 1 ; therefore, these groups can be defined as being epidemiologically homogenous.
All patients had pre-surgical workup including video-EEG long-term monitoring, magnetic resonance imaging (MRI), and neuropsychological evaluation -if required, we performed additional tests such as invasive EEG, Wada test, SPECT and/or PET-CT -, as well as postoperative neuropsychological testing, and at least two years of follow-up after surgery. The exclusion criteria were as follows: (1) age less than 14 years, and (2) severe cognitive delay or mental retardation (these would not be able to be assessed by the same neuropsychological tests, what would preclude a reliable singular comparison).
Selection of patients to this study was not influenced by genre, ethnicity, social/economical/cultural status, or comorbidities -including psychiatric disorders (such as depression, psychosis, and anxiety), since these conditions are frequently concomitant in patients with TLE 5 .
Surgical approach
As part of the teaching hospital Hospital de Clínicas -UFPR, our Epilepsy Surgical Program has two attending neurosurgeons that alternate weekly. One surgeon systematically uses the ATL approach, whereas the other systematically uses the SelAH approach. Patients were assigned to a surgeon, and consequently a surgical approach based on which week the operation was booked for. Therefore, a reliable comparison between the outcomes of the two surgical approaches is permitted because the patient distribution can be considered as random and the two groups can be considered as homogenous.
Operative techniques (ATL and SelAH)
Surgical treatment for TLE secondary to MTS aims to remove mesial temporal structures. Partial resection (approximately 3 cm in length) of the hippocampus, amygdala, and parahippocampal gyrus is performed, followed by total resection of the uncus.
In the ATL approach, the resection involves, in addition to the mesial structures, the superficial neocortical temporal gyri. These gyri should be removed even if they are not known to be epileptogenic, based on the observation that these structures (despite being healthy) would propagate seizure activity from temporal mesial sites 6 . Since more tissue is resected, some experts argue that the ATL technique confers higher chances of medium/long-term seizure control (Figures 1 and 2) .
The SelAH technique, on the other hand, spares the neocortical gyri. Concerning the possible accesses, through which the resection of the hippocampus and adjacent structures is performed, they can be transsylvian, transinsular, subtemporal, or transcortical -via white matter on the middle temporal gyrus. The latter is the most used worldwide -and also at our service -, due to lower operative risks. The rationale behind choosing the SelAH remains on the fact that the main origin of epileptogenic activity lies on the mesial portion of the temporal lobe; therefore, additional resection of superficial cortex would not influence on seizure control 7 . Moreover, this technique, for sparing the temporal neocortex, in theory results in less postoperative cognition deficits (including memory, language, and behaviour) (Figures 3, 4 , and 5).
Complications
Recent systematic review on complications of epilepsy surgery proposed a slightly different classification of operative complications 8 . According to this study, minor complications would be the ones that resolved within three months after surgical intervention, whereas major complications are those that persisted beyond this period of time. Although this classification has been frequently used by other researchers 9 , we believe it would not be suitable for this study, given that it rates events exclusively by their duration.
According to our proposal, major complications are considered all those that prolong the Intensive Care Unit admission period after resection, lead to the need to redo urgent surgical procedure, as well as increase the risk of death (lethal potential). With this definition, all major vascular accidents, as well as severe infections, are considered major postoperative complications. Complications that do not fit the above-mentioned criteria are classified as minor. In terms of neurological deficits after procedure, we divided them into two groups, transitory and permanent, based on a 3-month cut off (transitory if the deficit resolves completely before 3 months postoperatively; permanent if it does not resolve by the 3 rd month).
Neuropsychological testing
All patients were evaluated prior to and at least 6 months following surgery. Individuals with severe cognitive delay or mental retardation -due to the impossibility of them being assessed by standard neuropsychological tests -, as well as those who were not tested post-operatively, were excluded.
The neuropsychological protocol used by our center' s Epilepsy Service investigates visuospatial and verbal memories. The former was evaluated by the Rey-Osterrieth Complex Figure Test (ROCF). The parameter of most importance for this study, provided by the ROCF test, was our patients' delayed recall ability. The verbal memory was evaluated by the Rey Auditory Verbal Learning Test (RAVL). From this test' s results, we could measure our patients' long-term verbal memory. Longitudinal neuropsychological evolution (in terms of verbal and visuospatial memories), prior and after surgery, was analysed using both (a) raw psychometric data and (b) Z-scores. The first method (a) considered cognitive improvement, worsening, or stability comparing neuropsychological tests raw measurements to the standard deviation of the control group (the population sample). The second method (b) classified improvement or worsening according to any change on the classification of memory based on the Z-score. This score was calculated based on raw neuropsychological clinical measurements, the mean of the control (population´s sample of Curitiba) for the cognitive test, and the standard deviation (SD) of the control. We then classified each patient, both at the pre and postoperative periods, as having normal memory (Z-score greater than -1.26) or deficits (mild, Z-score ranging from -1.6 to -1.26; moderate, from -2.2 to -1.6; or severe, less than -2.2) 10 .
RESULTS

Neuropsychological outcome
In pursuance of a broad overview, we compared memory performances of all patients before and after surgery (using the Z-score classification), regardless of the surgical technique. We found that in terms of verbal memory, 17.9% of patients improved, 23.9% worsened, and 58.2% had no change. In respect of visual memory, 16.7% improved, 10.6% worsened, and 72.7% had no change. In the following paragraphs, the results on more detailed analyses are shown.
Conforming to the first analytic method (a), there were no differences in the evolution of neuropsychological performance, in regards to both visuospatial memory (p = 0.182) and verbal memory (p = 0.386), for the two surgical approaches. Similarly, no differences were found in regards to the side operated on (Table 2) .
We essentially found the same results when using the analytic method (b). after surgery, there were no differences in the distribution of categories both in terms of visual memory (p = 0.117), and of verbal memory (p = 0.817). Of note, in the ATL group, when looking exclusively at the tests done prior to operation, less patients had visual memory classified as normal in relation to the SelAH group (p = 0.027). However, as shown above, considering the evolution before and after surgery, this observation did not result in differences for either group (Tables 3 and 4) .
Further, analyses were done separately for the dominant and the nondominant subsets. Focusing on the ATL group, specifically the individuals operated on the dominant hemisphere, 60 percent of them had normal verbal memory preoperatively; this figure dropped to 20 percent after surgery. Still concerning the ATL on the dominant side, 20 percent of patients had severe verbal memory deficit prior to the ATL; after the procedure, 53.3% of patients were assessed as having severe verbal memory deficit. In regards to individuals who underwent ATL on the nondominant hemisphere, the verbal memory persisted the same without relevant change. Finally, in the whole ATL group, including dominant and nondominant, the visuospatial memory remained with no alteration throughout (Table 3) .
When focusing on the SelAH group, on the other hand, there was no important difference in regards to evolution of cognitive status (including both verbal and visuospatial memories) -regardless of the side of operation (dominant versus nondominant) ( Table 4) .
After interpreting all these data and results, it was concluded that the only subgroup of patients that experienced a relevant cognitive deficit after surgery was the set of subjects who underwent ATL on the dominant hemisphere. Postoperatively, these patients showed an important decline in cognition, exclusively in verbal memory.
Seizure outcome
The evaluation of postoperative mid/long-term seizure control was done based on the Engel rating scale 11 , which is the most commonly used outcome classification for epilepsy surgery patients 12 . This evaluation occurred, for every Table 2 . Comparison of longitudinal change (pre and postoperative) in neuropsychological performance, between ATL and SelAH groups, using standard deviation variation.
Verbal memory
Visuospatial memory Verbal memory Verbal memory SelAH n (%) ATL n (%) SelAH n (%) ATL n (%) ND side n (%) Dom side n (%) ND side n (%) Dom side n (%) patient, at the 6 th month after procedure, then annually up until the last clinical visit. Table 5 shows, by percentage, the Engel rate at each evaluation for every patient in the study. Further, we categorized Engel rates I and II as 'satisfactory', and plotted the percentage of patients ( from both groups, side to side) fitting the 'satisfactory' category, at the different clinical evaluations (Table 6 ). Regardless of the surgical approach, the number of patients who were rated Engel I or II was persistently higher than 70% throughout the 5-year period.
After a mean follow-up of 64 months, 82% of all patients had a satisfactory (Engel I or II) outcome, and 51.18% remained seizure-free (Engel Ia) throughout the first 5 years after procedure. In spite of the fact that seizure-freedom (Engel Ia) seemed to be reached more rapidly after SelAH than ATL during the first years after surgery, when we look at the entire follow-up of 5 years there are no statistically significant differences between the two groups. Table 7 summarizes our descriptive classification (major or minor) of all surgical complications, and also distinguishes which of them resulted in neurological deficits (classified as being transitory or permanent).
Complications
Overall, 19 patients (15 ATL; 4 SelAH), or 28.35%, developed general complication(s) after surgery. There was not any death. In the SelAH group, there were two major and two minor complications; also in this set of patients, six developed postoperative neurological deficits, only one being permanent. In contrast, in the ATL group, there were 13 major and two minor complications; neurological deficits were nine, two being permanent. Comparing the major complications between the two techniques, rates are higher in the ATL group (p = 0.004). In regards to complications resulting in neurological deficits, there was no significant difference between the both approaches (p = 0.370). Besides complications, we believe that patient satisfaction is also important SelAH: selective amygdalohippocampectomy; Dom: Dominant; ND: Nondominant; n: number of patients. Note: Chi-square tests were applied. Mild, moderate and severe refer to degrees of memories deficits.
to consider. For that, we collected patients' perception after procedure: 61 of the 67 patients (91%) were satisfied, and would undergo surgery again, if necessary.
DISCUSSION
The aim of this study was to compare the results of two techniques, ATL or SelAH, for patients diagnosed with medically refractory mesial TLE secondary to unilateral MTS, without any additional structural lesion. Quite a few studies have tried to identify the best surgical technique to treat patients with TLE, few of them, however, included patients with unilateral MTS as the sole underlying pathology 13, 14, 15 . With this goal, we carefully selected a series of patients diagnosed with unilateral MTS who were operated by one of our two attending neurosurgeons. Although there was no randomization per se, both groups were epidemiologically homogenous on most variables. Final data analysis was divided in three spheres: seizure outcome, cognitive outcome, and complications.
Concerning seizure outcomes, no statistically significant differences in seizure outcomes after ATL and SelAH were observed in our study. It has been described by most major series that postoperative seizure control does not differ significantly between the two approaches 7, 13, 14, 15, 16, 17, 18, 19, 20, 21 . Nonetheless, three studies have found better seizure-control in patients submitted to ATL 4, 22, 23 . Similarly, two recent systematic reviews concluded that ATL is associated with a reduced rate of seizure recurrence compared to SelAH 24, 25 . In other words, a consensus on this matter has not yet been reached. There are a number of reasons that contribute to this lack of agreement. Few studies performed to date have aimed to compare seizure control after ATL and SelAH at one single center, due to the fact surgical programs generally choose one of these approaches to be used. Hence, comparisons can only be done with the collaboration of at least two centers. Further, ATL and SelAH groups usually have unequal number of patients. Also an issue, follow-up periods are frequently of just a couple of years 4, 18 . Finally, most studies include individuals with TLE due to several different pathologies, such as tumors, malformations of cortical development, MTS, etc.; rarely do studies limit the recruitment to patients with MTS as the only epileptogenic source 18 . All these observations help create many potential biases, which ultimately weaken methodology strength 14 . Along these lines, our study tried to minimize all these potential methodological pitfalls. All operations were performed at the same center, where ATL and SelAh were alternated every week. We carefully recruited similar number of patients for both groups. These individuals had similar clinical presentation, unilateral MTS on MRI without additional lesions, unilateral epileptiform discharges on EEG, and were homogenous on epidemiological variables. Further, our mean follow-up was more than 5 years, which is long compared to the majority of studies in this field.
Regarding neuropsychological outcomes, our study did not observe statistically significant differences between the two surgical approaches. However, we did note slight superiority on postoperative verbal memory in patients submitted to SelAH. Based on our analysis, the most important predictor of worse postoperative cognitive status was surgery on the dominant hemisphere, regardless of the technique.
As with seizure control, there is not yet a consensus in terms of cognitive outcomes after ATL and SelAH. Numerous studies concluded that there are no differences between the two approaches, including the systematic review conducted by Hu et al. 16, 25, 26 . Nevertheless, many other studies claim that SelAH confers lower cognitive morbidity, mostly involving language and verbal memory. In fact, many of these studies agree that ATL is particularly cognitively harmful when performed on the dominant hemisphere 6, 7, 23, 27, 28, 29 -an observation that was also noted in our series.
In terms of operative complications, we found a high rate of general complications. This high rate resulted essentially from major complications, especially in the ATL group. In fact, there was a statistically significant difference in major complications between the ATL and SelAH groups. We could not find published studies that specifically compared operative complications between ATL and SelAH, therefore our subgroup data could not be compared to other centers' results. However, in comparison to complications in epilepsy surgery in general (including different approaches to resective surgery, and invasive EEG implantation), our rate of total complications is categorically higher 8 . Notably, despite the relatively high overall complication rate, 91% of all operated patients were satisfied with having had epilepsy surgery and would undergo it again if necessary. This high satisfaction rate in our patients after epilepsy surgery is in agreement with other recent studies 30 . This finding reinforces the importance of surgical therapy in epilepsy -when well indicated.
We believe at least three reasons could address our incidence of operative complications. First, given that our center is a teaching-hospital, residents' learning curve could have potentially affected the complication rate. Also, all patients needed to be followed for at least 2 years after surgery and have their charts thoroughly completed. As a result, these criteria could have selected a biased sample of patients who needed closer follow-up and care. Thirdly, there is a possibility that operative complications are under reported both in charts and in the literature.
We acknowledge that this study has limitations, basically because it is retrospective, and the number of enrolled patients is small. Another limitation lies in the fact that we incorporated data from the experience of two surgeons (one of them systematically performing ATL and the other SelAH); thus, the experience and skills of each surgeon should be taken into consideration when interpreting our study results. Nonetheless, although individual studies may not have enough power to detect differences that are statistically and clinically significant, these investigations are necessary and essential to produce reliable and important significant medical evidence when analysed on a broad perspective.
